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Q_i' Abstract In this article we present different aspects of AGN studies 
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demonstrating the importance of the UV spectral range. Most important 
diagnostic lines for studying the general physical conditions as well as the 
metalicities in the central broad line region in AGN are emitted in the UV. 
The UV/FUV continuum in AGN excites not only the emission lines in the 
immediate surrounding but it is responsible for the ionization of the inter- 
galactic medium in the early stages of the universe. Variability studies of the 
emission line profiles of AGN in the UV give us information on the structure 
and kinematics of the immediate surrounding of the central supermassive 
black hole as well as on its mass itself. 
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1 Introduction 

Active Galactic Nuclei (AGN) are the most luminous objects in the universe. 
Their luminosities, their spectral energy distribution from the radio to the 7- 
ray range, as well as their emission line ratios cannot be generated by normal 
stars. Galaxies containing an active nucleus are called active galaxies. We 
divide the AGN in different subclasses such as Quasars, Seyfert galaxies and 
Liners. 

Many aspects of the generation of the energy in AGN are still unknown. 
Accretion of gas onto a central supermassive black hole (SMBH) is gener- 
ally accepted to be the dominant physical process generating the enormous 
energies we are observing (Rees Rees (1984)|). The accretion flow is the 



source of the non-thermal continuum emission in the UV, X-ray and opti- 
cal. The spectral energy distribution (SED) of the non-thermal continuum 
emission in typical AGN has its maximum in the UV. 

The central continuum source ionizes the circumnuclear gas in the so 
called broad line region (BLR) and narrow line region (NLR). The majority 
of the most important emission lines are emitted in the UV spectral range. 
The overall continuum distribution as well as the UV spectral lines (narrow 
emission lines, broad emission lines, absorption lines) are tracers of the 
physical conditions of those regions where these emission lines originate. 
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The emission line region of the narrow lines is spatially resolved in some 
nearby objects. They originate at distances of pc to kpc from the central 
ionizing source. However, the broad emission lines originate at distances of 
light days to light months only from the central ionizing source. This BLR 
is unresolved by orders of magnitudes even for the nearest AGN. 

Various excellent reviews about AGN have been published over the past 
years. Different aspects of AGN spectra were highlighted in those papers as 
Netzer (1990)] , |Urry fc Padovani(1995)] , |Koratkar fe Blaes (1999")] , 



e.g. 



[Hamann fc Ferland (1999)1 , |Veron fc Veron(2000)| , |Ho (2004)| , 



Hec kman (2004)| , [Peterson et al. (2004) 



This article is devoted to the UV spectral range of AGN. The UV spec- 
tral range is important for our understanding of active galaxies because; 

- the maximum flux of AGN is emitted in the UV. 

- the rest frame EUV continuum in highly redshifted AGN is important for 
our understanding of the early universe. 

- the UV spectra of the class of low luminous AGN can only be observed in 
the local universe because of their faintness. 

-the most important diagnostic emission and absorption lines are emitted 

in the UV: they give information on the physical conditions in the emission 

line region next to the central ionizing source. 

-for the study of the cosmological and chemical evolution of AGN the UV 

spectra of 'nearby' objects (Z=0-2) have to be known. 

-important far UV diagnostic lines can only be observed in the UV - even 
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for high redshift objects. 

-variations of the emission lines give us information on the structure and 
kinematics of the innermost AGN regions. The most important lines next 
to the central black hole are emitted in the UV/FUV. 

2 The AGN Family 

2.1 Seyfert Galaxies and Quasars 

Quasars are the most luminous subclass of the AGN family having nuclear 
magnitudes of Mb < —21.5. Seyfert galaxies are by definition those AGN 
with Mb > —21.5. Besides a strong non-thermal continuum their spectra 
are dominated by broad permitted emission lines in the UV and optical. 
Typical observed line widths (full width at half maximum (FWHM)) are 
3000 — 6QQQkms~ l with maxima of up to 30, 000/ctos -1 . The line widths 
are interpreted as Doppler motion of the BLR clouds where these lines are 
emitted. The non-thermal ionizing source in AGN is surrounded by the 
central BLR clouds at distances of less than 1 pc (10 15 to about 10 17 cm). 
Typical electron densities in these emission line regions are n e = 10 9 — 
10 n cm~ 3 for temperatures of about T^20.000 K. Most of the important 
diagnostic lines of this BLR arc emitted in the UV spectral range - except 
for the optical Balmer and a few Helium lines. 

In the spectra of Seyfert 2 galaxies only narrow (permitted and forbid- 
den) emission lines with typical line widths (FWHM) of 300 — 500kms~ 1 
are present in contrast to those of Seyfert 1 galaxies and quasars. These 
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narrow emission lines originate at distances of about 100 to 1000 pc from 
the center. Electron densities in the range from 10 2 to 10 cto~ 3 are derived 
for typical electron temperatures of 10.000 - 25.000 K. Even if many of the 
narrow emission lines are emitted in the optical wavelength range too - the 
most important ones are emitted in the UV. 

2.2 Low Luminosity AGN 

Low Luminosity AGN (LLAGN) refers to those objects with Ha luminosities 
less than 10 39 erg s _1 . They are the most abundant type of AGN and 
reside in 40% of bright galaxies in the local universe (Heckman 1980; Ho 
ct al. 1996). There are evidence that LLAGN may consist of two different 
subclasses. The first subclass is accretion onto small black holes, i.e., a 
scaled version of Seyfert galaxies (Filippcnko & Ho 2003; Barth et al. 2004; 
Greene & Ho 2005). In the second subclass, it is the very low accretion 
rate that leads to low nuclear luminosity but otherwise with black holes 
of similar masses to those in quasars and Seyfert galaxies (e.g., Di Matteo 
ct al. 2003). Both classes of objects have attracted much attentions in the 
past decade because of their role in the history of black hole growth in the 
universe and the accretion physics. The black hole- host galaxy connection 
in the low mass end of black hole, which is likely in their infants, is crucial 
to the origin of such relations in the massive quiescent and active galaxies, 
which were found in the last five years (e.g., Magorrian et al. 1998; Gcbhardt 
et al. 2000; Ferrarese et al. 2001), and clues to the formation of seeded BH in 
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the early universe. The state of very lower accretion rate is the end point of 
the AGN evolution and provides the test-bed for accretion process at very 
low rate, which is in a very different form from those seen in Scyfcrt galaxies 
and quasars. Very low radiative efficiency and the lack of big blue bump is 
the major prediction of theoretical models for the latter type (e.g., Narayan 
et al. 1998). Thus the ultraviolet observation is critical to discriminate the 
two possibilities. 

Owing to the weakness of the active nuclei, stellar light usually dom- 
inates the continuum emission in the optical band even at the resolution 
of Hubble Space Telescope. As stellar spectrum drops rapidly towards ul- 
traviolet in most of LLAGN, UV observation is one of the most important 
spectral regimes for exploring the continuum properties of those objects. 
Reverberation mapping of broad line region described in the next section 
can only be carried out in ultraviolet for this type of AGN since one has to 
measure precisely small variations in the continuum flux. In addition, these 
AGN are so faint, only nearby objects can be studied in detail. However, 
they are much less studied in the UV than other type of AGN due to their 
intrinsic faintness (Maoz et al. 1999). 

The majority of these sources show characteristics of Low Ionization Nu- 
clear Emission Line Region (LINER), which can be produced cither through 
photo-ionization of the AGN/young stellar clusters or shock process (Heck- 
man 1980). Some key issues that might be solved with future UV obser- 
vations include: (1) How much fraction of LINERs are powered by nuclear 
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activity, how much by star forming process and what is the role of shocks? 
Measuring high excitation lines (such as CIII/CII) in UV is critical to distin- 
guish photo-ionization process by the central continuum from opaque shock 
ionization models (Dopita & Sutherland 1996). The measurement of UV ab- 
sorption lines of young stellar component or the featureless AGN continuum 
will allow to determine the contribution of the ionizing source, directly. (2) 
What is the UV continuum spectrum of these active nuclei, which is closely 
related to the truncate radius of the geometrically thin and optically thick 
part of the disk and coupling between electron and proton in the case of low 
rate accretion onto large mass BH (Quatacrt ct al., 1999), or to the global 
energy output in the accretion onto low mass AGN. (3) How does the BLR 
structure of LLAGN fit into the whole picture of AGN? There is indirect 
evidence that the size of BLR in LLAGN deviates systematically from the 
relation extrapolated from the known one for Quasars and Seyfert galaxies 
(Wang & Zhang 2003). But a direct measurement of the size of BLR by 
reverberation mapping is required. 

3 Spectral Energy Distribution and rest frame EUV continuum 

in AGN 

The mean broadband continuum spectral energy distribution (SED) for 
radio-quiet and radio-loud AGN is shown in Fig.l. The flux scale has been 
normalized at 1 /im. The AGN continuum flux is relatively flat from the 
radio to the X-ray range. The bulk of this flux is thought to arise from syn- 
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Fig. 1 Schematic representation of the mean spectral energy distributions (SED) 
for a sample of radio-quiet (solid lines) and radio-loud (dashed lines) QSOs (from 
[Elvis et al.( 1994)1 ) . 



chrotron emission. Besides a bump in the infrared due to thermal dust ree- 
mission the overall continuum flux peaks additionally in-between the optical 
and soft X-ray spectral range in the UV. This spectral feature is sometimes 
called the big blue bump. More than half of the bolometric luminosity of an 
(un-obscured) AGN is emitted in this big blue bump. The big blue bump is 
thought to arise from an accretion disk surrounding the central black hole. 
Gravitational energy from the central accretion flow is converted into the 
observed UV radiation of the disk. The thermal emission in the UV corre- 
sponds to typical temperatures of 10 5 K (e.g. Koratkar & Blaes (1999) ). 
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Fig. 2 Left: Composite optical-soft X-ray spectrum for the RQQs and RLQs 
in our sample (thick solid line). Three X-ray-weak quasars, and PG 1114+445, 
which is affected by a warm absorber, were excluded from the composite. 
Right: Observed energy distribution of some quasars vs. two accretion disk model 
spectra (Laor et al., 1997). 



The study of the UV/EUV spectral range is very difficult because of 
the absorption caused by our own galaxy, the intrinsic absorption in dis- 
tant galaxies, as well as the absorption in the intergalactic medium. Fig. 2a 
shows the UV composite spectrum derived from more than 2000 AGN spec- 



tra. Before combining the spectra Telfer, Zheng, Kriss, fc Davidsen(2002) 



corrected them for internal and external extinction as good as possible. The 
dotted line shows accretion disk models of |Mathews fc: Ferland(1987]] . The 
dashed line corresponds to simple power law models with a thermal cutoff 
corresponding to a temperature of 5.4 10 5 K. Fig. 2b again shows a compos- 
ite optical-soft X-ray spectrum for radio-loud and radio-quiet quasars. One 
can see the flux is peaking not as extreme as model calculations of accretion 
disk models predict (e.g. Laor et al.(1997)]) . The accretion disk models 
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cannot reproduce in a simple way the observed spectral shape. There are 
indications in the observed composite AGN spectra that the spectral index 
brakes at ~ 1000 A. Observational difficulties are caused by dust obscura- 
tion and the contamination of the host galaxy. Furthermore, the composite 
spectrum has been derived from different classes of AGN. Far more obser- 
vations in the UV of all classes of AGN are needed to understand the details 
of accretion disks surrounding the central black hole in AGN. 

The knowledge of the UV/FUV spectral shape of quasars is of outmost 
importance for our understanding of the evolution of the early universe. The 
UV continuum of quasars ionizes the intergalactic medium at the end of the 
dark ages. At z>6 the neutral hydrogen has been re-ionized by the ionizing 
radiation of quasars at very early stages of the universe. The epoch of the 
ionization of Hel and Hell is even less clear. Fig. 3 shows a spectrum of 
the high redshift quasar SDSSJ1030+0524 (z=6.28) with the UV spectral 
template of Telfer, Zheng, Kriss, & Davidscn(2002) . The Gunn-Peterson 



absorption troughs show no emission over a redshift interval of 0.2 starting 
at z=6. 

4 UV emission line diagnostics 

A UV spectrum of the Seyfert 1 galaxy NGC 4151 is shown in Fig. 4. Some 
emission lines as well as some absorption features are indicated in Fig. 4. 
The spectrum has been taken with the Hopkins Ultraviolet Telescope (HUT) 
(Kriss et al., 1992). The most important AGN diagnostic lines between 950 
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Fig. 3 De-noised, full-resolution spectrum of SDSS J1030+0524 with matched 
templates from the LBQS and Telfer et al. (2002. The template is a very good 
match to the quasar redward of the Lya IGM absorption (White et al., 2003). 



and 200(rAare: CIII 977, NIII 991, Ly/3+OVI 1034, Lya, NV 1240, OI 
1303, CII 1335, SilV+OIV] 1394,1402, NIV] 1486, CIV 1549, Hell 1640, 
OIII] 1663, NIII] 1750, and CIII] 1909. These emission lines show a wide 
range of ionization states. They originate at different distances from the 
central ionizing source in clouds with densities from n e — 10 8 — 10 12 cm~ 3 . 



Photoionization calculations predict line flux ratios we can compare with 
the observations. Fig. 5 shows a series of calculations of emission line ratios 
for different slopes of the ionizing continuum flux (from Hamann & Ferland, 
1999). 
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Fig. 4 The ultraviolet spectrum of the Seyfert galaxy NGC 4151 obtained by 
the Hopkins Ultraviolet Telescope (HUT). Emission line features and absorption 
features are marked. They are due to various ionization states of different elements 
in the hot gas present in the nucleus of this active galaxy (from Kriss et al., 1992). 
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widths in Lya plotted for clouds photo-ionized by different power-law spectra, 
(from Hamann & Ferland, 1999) 
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4--1 Metalicities 

The determination of the heavy element abundances in AGN is one further 
aspect of quasar emission line studies. This is connected with the investiga- 
tion of the chemical evolution of the universe as quasars can be observed at 
extreme distances and therefore at very large look-back times. Surprisingly, 
the broad line spectra of nearby AGN resemble those of the most distant 
quasars. Furthermore, there are indications in the spectra of some distant 
luminous quasars that their metalicity abundances are very high even at 
z>5 (e.g. |Ferland et al.(1996)| ). 



In early investigations of AGN spectra the collisionally excited inter- 
combination lines NIII]A1750, NIV]A1486, OIII]A16664, CIII]A1909 have 
been used to derive the abundance ratios of the elements nitrogen, oxygen 
and calcium (e.g. [Shields (1976)| , [Davidson (1977)] , |Baldwin fc Netzer(1978)| . 



But these diagnostic lines are weak in most spectra. Furthermore, the densi- 
ties in the BLR (n e = 10 9 — 10 n cm~ 3 ) are near the critical densities of these 
lines. Therefore these lines have different degrees of collisional suppression. 

Permitted lines might be better candidates for deriving the element 
abundances in AGN. Detailed calculations have been carried out (e.g. 
[Hamann et al. (2002) ) proving the sensitivity of the UV broad emission 



lines with respect to the metalicity in AGN spectra. The most important di- 
agnostic lines are NIIIA991, NVA1240, CIIIA977, CVA1550, CIV+OIVA1034, 
HeIIA1640. 
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All these diagnostic lines are emitted in the UV. It is possible to derive 
the metalicities only for distant (z>2) as well as luminous quasars when 
the diagnostic lines are shifted into the optical range. Very few is known 
about nearby and/or low luminous AGN. But it is necessary to have this 
information for deriving the chemical evolution of the universe. 



A few very interesting AGN show clear indications of abundance anoma- 
lies as e.g. Q0353-383 ( Osmer & Smith(1980)|). But they are rare and noth- 



ing is known about their evolution and their number in the present day uni- 
verse. Very recently |Bentz, Hall, & Osmcr(2004) checked the Sloan Digital 



Sky Survey for all nitrogen-rich quasars. They investigated more than 6000 
quasars with appropriate redshifts that the important UV diagnostic lines 
were shifted into the optical range. Only four candidates show very strong 
nitrogen emission lines comparable to those in the spectrum of Q0353-383 
(see Fig. 6). This means that only about one in 1700 distant quasars (z>2) 
has extreme nitrogen over-abundances. Further spectra of nearby and dis- 
tant, as well as of bright and low luminous AGN are needed to understand 
these galaxies within the overall AGN population. There is the basic ques- 
tion whether the nitrogen enrichment is a short phase in an AGN lifetime 
only or whether only a certain percentage of quasars reaches extremely high 
metalicities. We need UV spectra to detect high or even very high metalic- 
ities in present day AGN to answer this question. 
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Fig. 6 Rest-frame spectra of (a) Q0353-383 and (b) the SDSS composite, com- 
posed of 2204 quasar spectra. Both spectra are plotted in semi-log format to 
enhance fine details (Bentz et al., 2004). 
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Fig. 7 Overall mean composite QSO spectrum in lA bins with some prominent 
emission lines marked. The dotted line shows the best-fit broken power-law con- 
tinuum, excluding the region below 500A. The lines at the bottom indicate the 
continuum windows used in the fit (Telfer et al., 2002). 

4-2 Far UV diagnostic lines 



Very few is known about line strengths of diagnostic emission lines in the 
extreme ultraviolet spectral range between 300 and 900 A. Composite far 
UV spectra have been constructed from the spectra of highly redshifted 
QSOs taken with the Hubble Space Telescope (HST) and the Far Ultravio- 
let Spectroscopic Explorer (FUSE). They show the HeIIA304 and HeIA584 
lines as well as the high ionization NeVIII+OIV lines at 772A and OIII 
at 83lA ( [Telfer, Zheng, Kriss, fc Davidsen(2002)| , |Scott et al.(2004)| ) (see 
Fig. 7, Telfer et al.). Considerably more UV spectra of intermediate and high 
redshift AGN are needed to compile far UV spectra with better S/N ratio 
and to investigate the spectral details of different classes of AGN. 
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The UV and EUV diagnostic lines are of outmost importance to under- 
stand the AGN phenomenon. Their properties reflect the highest energetic 
areas next to the central black holes in AGN. 

4-3 UV Absorption lines 

Broad blue shifted resonant absorption lines in ultraviolet have been de- 
tected in 10-20% optically selected quasars ([?]), while narrow intrinsic 
absorption lines are much more common (~ 40% of Seyfert galaxies and 
~20-30% in quasars; Hamann & Sabra (2004) and references therein) . The 



predominance of blue-shift among absorption lines suggests that partially 
ionized gas outflows from the active nucleus. Recent X-ray observations with 
moderate spectral resolution have found similar blue-shifted absorption lines 
in the X-ray bands (e.g., [Collinge et al. (2001)| ). There are suggestion that 
the mass loss rate and kinetic energy associated with the outflow may be 
large and can have significant impact on the structure of disk itself if it 
is disk-wind and on the ISM of the host galaxies. But evidence for this is 
still ambiguous for following reasons. Because strong UV absorption lines 
may be severely saturated and partially covering, the column density and 
ionization state of major UV absorbing ions are poorly determined (e.g., 
|Arav et al. 2001J '). Although the total absorption column density can be 
better determined from photo-electronic absorption in X-rays, very little 
information about velocity structure of X-ray absorption line/edge can be 
obtained from the current data. Resonant line absorptions in X-ray can be 
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Fig. 8 High resolution Keck spectrum of 3C191 showing the strong associated 
absorption lines in the UV (Hamann et al., 2001). 



a very powerful diagnostics of properties of ions at different level of ioniza- 
tions, but spectral resolution comparable to those in optical and UV band 
will not be available within next decade. Therefore, it is necessary to ob- 
serve the weak absorption lines of the same elements that produce strong 
absorption lines in order to derive both the covering factor and column 
density as a function of velocity. Most these lines fall in the spectral do- 
main of far to extreme ultraviolet. Figs. 8, 9 shows absorption lines in the 
UV spectral range of 3C191 taken with Keck (Hamann et al., 2001) and 
of Mrk509 taken with FUSE (Kriss et al., 2003). UV observations, simul- 
taneously in soft X-rays with future more sensitive X-ray missions, may 
improve our understanding of the problem in several aspects: (1) Simulta- 
neous observations of UV and soft X-ray absorption of low red-shift AGN 
would allow to determine the total column densities of material, especially 
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Fig. 9 FUSE spectrum of NGC 7469 in the Ly/3/0 VI region (thin black line) 
(Kriss et al., 2003). 



those at the ionization level similar to that of UV absorbing material, and 
ionization states of the X-ray absorbing material (Wang et al. 2000). At the 
same time we get velocity structure information from UV absorption lines. 
This will permit a detailed modeling of the physical state of outflows. (2) 
By studying absorption lines in UV bright z ^2 BAL QSOs, we will obtain 
the kinematical properties of absorption lines of highly ionized species at 
far UV. Comparison of those with low ionization species will allow to study 
the changes in the kinematics with ionization state, thus to bridge the gap 
between that with X-ray absorbing material in these objects. Observing 
bright z — 2 BAL QSOs will also allow to better determine the shape of the 
ionizing continuum, one uncertainty in the modeling of the ionization struc- 
ture of absorbing gas. (3) Variations of intrinsic UV absorption lines can put 
strong constraints on the density of the absorbing material, and thus give an 
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upper limit on the distance to the continuum source. If these observations 
are carried out simultaneously in soft X-rays for low-z AGN, one might dis- 
tinguish the variations caused by changes in the flow and ionization effect 
fe.g.. |Gebel et al~20 02 _). (4) Comparison of abundances derived from ab- 
sorption lines with those from emission lines will give an independent check 
of those derived from emission lines. 

5 Structure and kinematics of the central region in AGN 

The innermost line emitting region in AGN - the broad emission line region 
(BLR) - surrounds the central supermassive black hole at distances of about 
10 15 to 10 17 cm. This corresponds to radii of light days to light months. The 
motions of the line emitting clouds give us information on the mass of the 



central black hole (e.g. [?], Peterson et al. (2004) ). The broad-line region 



is spatially unresolved even in the nearest AGN. But we can derive the 
structure and kinematics with indirect methods by studying their line and 
continuum variability (e.g. Kollatschny (2003) ,[Horne et al. (2004) . 



5.1 Reverberation mapping 

In a first step one has to correlate observed light-curves of integrated broad 
emission line intensities with the ionizing continuum light curve. It is of great 
advantage to observe the ionizing flux in the UV since the optical contin- 
uum flux is far more contaminated by the stellar continuum flux of the host 
galaxy. Fig. 10 shows the results of an optical/UV variability campaign 
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Fig. 10 Time lags (cross-correlation function centroids r cent ) in days (1 It-day 
= 2.6 x 10 cm) for various lines in NGC 5548 are plotted as a function of the 
FWHM of the feature (in the rest frame of NGC 5548) in the rms spectrum. 
The filled circles refer to data from 1989, and the open circles refer to data from 
1993. The dotted line indicates a fixed virial mass M = 6.8 x 10 Mq (Peterson & 
Wandel, 1999). 



(including HST observations) of the prototype Seyfert galaxy NGC5548 
( Peterson & Wandel(1999) ). Plotted is the time lag of the emission lines 
with respect to continuum variations as a function of their linewidth (FWHM) 
in the rms profiles. The time lag corresponds to the mean distance of the 
line emitting region from the central ionizing source. One can see a clear 
trend: the higher ionized lines originate closer to the central source. UV 
lines originate about ten times closer to the center than optical emission 
lines. The most successful monitoring campaign of the integrated UV lines 
of an AGN has been carried out for NGC5548 so far ( |Clavel et al.(1991)| , 
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Fig. 11 The distance of the Balmer and Helium emitting line regions from the 
central ionizing source in MrkllO as a function of the FWHM in their rms line 
profiles. The dotted and dashed lines are the results from model calculations 
for central masses of 0.8, 1.5, 1.8, 2.2, and 2.9 TO 7 Mq (from bottom to top 
) (Kollatschny, 2003). 



|Korista et al. (1995)| ). Variability campaigns of e.g. 3C390.3 ( |Q'Brien et al.(1998)| ) 
and Akn 564 ( Collier et al.(2001) ) demonstrated the power of UV reverber- 
ation studies but the S/N ratio and/or the fractional variability amplitudes 
of the continuum variations were not strong enough for detailed line profile 
studies. 



Future monitoring campaigns of many galaxies including the UV spectral 
range of the highly ionized OVI lines (AA1032,1038) e.g. will uncover the in- 
nermost broad line region in AGN. The clear trend that higher ionized ends- 
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sion lines originate closer to the center has been seen in optical variability 
campaigns of e.g. Mrk 110 too (see Fig. ll)( |Kollatschny (2003)] ). But the 



most important lines for reverberation studies are: CVA1550, SiIV+OIV]A1400, 
HeIIA1640, NVA1240, CIV+OIVA1034 (see Fig.10). These lines give us in- 
formation about the immediate surrounding of the central black hole one 
order of magnitude closer than we can do it with optical lines. 



The line profile variations of UV lines should be studied in a second 
step. They gives us information on the kinematics in the broad line region. 
Detailed profile variations have been studied in the optical lines of Mrk 110 
( |Kollatschny fc Bischoff (2002)| , [Kollatschny (2003)] ) only so far. Different 



delays of emission line segments (the velocity-delay maps) measure the ge- 
ometry and flow of the line emitting gas when we compare observed two- 
dimensional velocity-delay maps with model calculations (e.g. [Welsh fc Horne(1991~ ) 



Fig. 12 shows the correlation of H/3 and HcIIA4686 line profile segments with 
continuum variations. The data are from the variability campaign of Mrk 
110 taken with the 10m Hobby Eberly Telescope at McDonald Observatory. 
Only Keplerian disk BLR models can reproduce the observed fast and sym- 
metric response of the outer line wings. The H/? line center originates at 
distances of 25 light-days while the Hell line center originates at distances 
of 4 light-days only. 
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Fig. 12 The 2-D CCFs(r,v) show the correlation of the Balmer and Helium line 
segment light curves with the continuum light curve as a function of velocity 
and time delay (grey scale) in MrkllO. Contours of the correlation coefficient are 
over-plotted at levels between .800 and .925 (solid lines). The dashed curves show 
computed escape velocities for central masses of 0.5, 1., 2. x 10 7 Mq (from bottom 
to top) (Kollatschny & Bischoff, 2002; Kollatschny, 2003) 



5.2 Central Black Hole 



m AGN 



It is possible to calculate the central black hole mass in AGN. One has to 
know the distances of the line emitting clouds as well as the velocity dis- 
persion of these clouds (e.g. [Peterson et al. (2004) ). We derived a central 



information about the projected angle of the accretion disk where the broad 
emission lines originate [Kollatschny (2003) . A Schwarzschild radius r s of 
4*10 13 cm corresponds to this black hole mass. Fig. 13 shows the inner broad 
line region structure of Mrk 110 derived from 2D-reverberation mapping. 
The Hell line originates at a distance of 230 Schwarzschild radii only from 
the central black hole. The monitoring of highly ionized UV lines in AGN 
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Fig. 13 Schematic model of the innermost region in the Seyfert galaxy MrkllO 
derived from 2D-reverberation mapping. (Kollatschny, 2003). 



enables us to study the physics of the immediate environment of black holes 
even more closer to the center. This helps us to derive the central black hole 
mass more precisely. Finally, we will achieve a clear progress in our knowl- 
edge of black hole physics by monitoring different types of AGN in the UV. 
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